Pathogenic variability among five bacterial isolates of Xanthomonas campestris pv. vesicatoria, causing spot disease on tomato and their response to salicylic acid  by AL-Saleh, Mohammed A.
Journal of the Saudi Society of Agricultural Sciences (2011) 10, 47–51King Saud University
Journal of the Saudi Society of Agricultural Sciences
www.ksu.edu.sa
www.sciencedirect.comORIGINAL ARTICLEPathogenic variability among ﬁve bacterial isolates
of Xanthomonas campestris pv. vesicatoria, causing
spot disease on tomato and their response to salicylic acidMohammed A. AL-SalehPlant Protection Department, College of Food and Agriculture Sciences, King Saud University, P.O. Box 2460,
Riyadh 11451, Saudi ArabiaReceived 21 May 2010; accepted 1 August 2010
Available online 17 December 2010E-
16
El
Pe
doKEYWORDS
Tomato;
Bacterial spot;
Xanthomonas campestris pv.
vesicatoria;
Saudi Arabia;
Salicylic acidmail address: malsaleh@ksu
58-077X ª 2010 King Saud
sevier B.V. All rights reserve
er review under responsibilit
i:10.1016/j.jssas.2010.08.001
Production and h.edu.sa
Universit
d.
y of King
osting by EAbstract Symptoms of a bacterial disease caused by Xanthomonas campestris pv. vesicatoria were
observed on tomato plants growing in Al-Kharj area of Saudi Arabia. Symptoms included irregular
yellow-necrotic areas on tomato leaves and spotting on the stem. Five bacterial isolates were isolated
from the infected tomato seedlings. The pathogen identiﬁed was conﬁrmed biochemically and phys-
iologically, hypersensitive reaction occurred in tobacco plants and pathogenicity tests were con-
ducted. Signiﬁcant variability was shown among the bacterial isolates. Isolates T2, T4 and T5 were
the most pathogenic isolates as expressed by the disease severity index. The highest severity index
(57.8%) was observed by isolate T5, followed by the two isolates T4 (55.3%) and T2 (43.1%) two
weeks post inoculation. In an attempt to control this disease, Salicylic acid was used to study its ability
to inhibit the growth of X. campestris pv. vesicatoria in vitro, and its potentiality in suppressing bac-
terial spot of tomato under artiﬁcial inoculation conditions. All concentrations tested had inhibitory
effects against X. campestris pv. vesicatoria. The inhibition zone increased with increasing concentra-
tions. SA at 1.5 ppm caused the largest inhibition zone (40 mm) followed by 1 ppm (33 mm). Appli-
cation of SA at 1.5 ppm reduced the severity of bacterial leaf spot of tomato. Application as foliar
treatment was more effective than seedling treatment. SA was the most effective at 1.5 ppm as foliar
treatment where the number of lesions/leaf and disease severity were 1.8 and 14.1, respectively.
ª 2010 King Saud University. Production and hosting by Elsevier B.V. All rights reserved.y. Production and hosting by
Saud University.
lsevier1. Introduction
Tomato (Lycopersicon esculentum Mill) is one of the popular
cash crops worldwide, In Saudi Arabia, tomato production
of 522,152 tones, is obtained from growing the crop on
14,699 hectares annually (Ministry of Agriculture, Central
Administration of Economic Studies and Statistics, 2008). Re-
cently, this crop is recognized as a model of plant–pathogen
interactions (Arie et al., 2007). Bacterial spot disease of tomato
Figure 1 Symptoms of bacterial leaf spot disease from which
bacteria were consistently isolated.
48 Mohammed A. AL-Salehcauses signiﬁcant losses especially when warm temperature and
rainy weather occur (Jones et al., 1991; Leite et al., 1995). The
disease was observed in several tomato production areas in
Saudi Arabia (Ibrahim and AL-Saleh, 2010). The current man-
agement methods for bacterial spot including sanitation,
chemical application, cultural practices, and use of Xanthomo-
nas campestris pv. vesicatoria resistant cultivars are not always
successful (Conover and Gerhold, 1981; Cook and Stall, 1982;
Kousik and Ritchie, 1996; Sahin and Miller, 1998). Combina-
tion of acibenzolar-S-methyl (ASM), a plant activator and
bacteriophages were found to be effective against the bacterial
spot pathogen in providing better disease control (Obradovic
et al., 2004). Cost, potential chemical residues on fruit, and
resistance among X. campestris pv. vesicatoria strains are the
main disadvantages of chemical applications (Marco and Stall,
1983; Sahin and Miller, 1995). One of the potential plant dis-
ease management strategies is the use of systemic acquired
resistance (SAR) to activate host defense mechanisms (Ryals
et al., 1994). Chemical activation of disease resistance in plants
represents an additional option for growers to protect their
crops from losses due to plant diseases. One of the most com-
monly used chemical inducers is salicylic acid (SA), which ap-
pears to mimic the systemic effects of localized infection
(Kessmann et al., 1994; Vallad and Goodman, 2004). SA ap-
pears to be a central signaling component in SAR (Yalpani
et al., 1991; Vallad and Goodman, 2004). The necessity of
SA for the expression of SAR in tobacco was shown in exper-
iments with the salicylate hydroxylase (nahG) transgene, which
converts salicylate into catechol (Gaffney et al., 1993). Exoge-
nous application of SA and some other chemicals including:
polyacrylic acid, acetyl salicylic acid, 2,6-dichloroisonicotinic
acid, methyl salicylate, jasmonic acid and jasmonic methyl es-
ter, benzothiadiazole derivatives, DL-B-aminobutyric acid and
oxalic acid, can induce accumulation of pathogenesis-related
proteins and can lead to reduced incidence of several diseases
in many crops (Gozzo, 2003).
The objectives of this study were:
(i) Identify and characterize bacteria from tomato plants
exhibiting leaf spot symptoms in Al-Karj region, Saudi
Arabia.
(ii) Study the ability of salicylic acid to inhibit growth of X.
campestris pv. vesicatoria in vitro, and their potentiality
in suppressing bacterial spot of tomato under artiﬁcial
inoculation conditions.
2. Materials and methods
2.1. Isolation of the pathogen from infected plant samples and
pathogenicity tests
Tomato plants with bacterial leaf spot symptoms (Fig. 1) were
collected from four plastic-covered greenhouses in the Al-Kharj
region (Saudi Arabia). A small piece of infected tissue from the
leaves of tomato plants cv. Sultana was placed in a sterile mor-
tar and macerated in sterile distilled water with a pestle.
A loopful suspension of each sample was streaked on plates
of nutrient agar containing 5% D+ glucose (NGA). Plates
were incubated at 28 C for 48 h. Bacterial colonies were
picked from the plates and transferred to new NGA plates
for puriﬁcation and further tests.2.1.1. Test plants
Tomato cv. Sultana seeds were sown in a commercial potting
mix in 20 cm3 plastic pots (2 kg soil), ﬁlled with a sterilized
mixture of soil and sand (4:1 w/w). After emergence, each
pot received 5 g of a slow-release fertilizer. Additional amounts
of fertilizer were added as needed and plants were watered as
required.
2.1.2. Inoculum preparation and inoculation
Five bacterial isolates from tomato were tested for pathogenic-
ity by inoculation of four-week-old seedlings of cv. Sultana.
Bacteria were grown for 72 h on NGA. Plates were ﬂooded
with sterile, phosphate-buffered saline (PBS, 3.0 g KH2PO4,
7.0 g Na2HPO4Æ7H2O, 4.0 g NaCl per litre of distilled water,
pH 7.2) (Leben et al., 1968) and the resulting suspension was
adjusted turbidimetrically to approximately 106 CFU/ml. For
each isolate, four seedlings were inoculated by spraying each
plant with 30 ml of bacterial suspension containing
5 · 106 cfu ml1. After inoculation, plants were kept in a cli-
mate chamber with 30 C day temperature and 85% RH. Dis-
ease incidence was recorded 7 and 14 d after inoculation.
Plants inoculated with sterile water served as negative control.
Greenhouse experiments were repeated twice.
2.1.3. Identiﬁcation of the bacterial isolates
Physiological and biochemical tests were performed on the iso-
lated bacteria using the methods described by Bradbury
(1984), Lelliott and Stead (1987) and Vauterin et al. (1995).
2.2. Effect of salicylic acid (SA) on the growth of X. campestris
pv. vesicatoria under laboratory conditions
Salicylic acid was diluted to different concentrations (0.0, 0.5, 1
and 1.5 ppm). Flasks containing nutrient broth (100 ml/ﬂask)
were inoculated with standard inoculum (4 loops/ﬂask) of iso-
late K3 and incubated at 28 C for 3 days. Turbidity was stan-
dardized to give the same optical density (0.46). Plates
containing nutrient agar medium (15 ml/plate) were seeded
with 0.1 ml of liquid culture that was evenly spread on the sur-
face by means of a glass rod spreader. Four disks (5 mm-diam-
eters) of agar were removed from the edge of each plate and
salicylic acid solution was placed in the resulting wells (Gould
and Bowie, 1952). Incubation was made at 28 C for 48 h. and
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were used in each treatment.
2.3. Seedling root soaking and foliar application
SA was applied as seedlings and foliar treatments. In case of
tomato seedlings treatment, roots were soaked in SA at
1.5 ppm for 1 h. before direct planting. While in the foliar
treatment, tomato seedlings were sprayed with SA suspensions
28 days post planting (DPP). Inoculation of the pathogen was
made 30 days post transplanting.
2.4. Disease assessment
Disease incidence was recorded after 7 days from inoculation
with the pathogen. The disease was determined according to
McCarter (1992).0
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Figure 2 Pathogenicity tests of ﬁve isolates of Xanthomonas
campestris pv. vesicatoria on tomato plants cv. Sultana. Different
letters indicate signiﬁcant differences among isolates to least
signiﬁcant difference test (P= 0.05).
Table 1 Physiological, morphological and biochemical characterist
Characters Isolates result
1 2
Shape of cells Rods R
Gram stain  
Motility + +
Production of ﬂuorescent on KB  
Kovac’s oxidase  
Gelatin liquefaction  
Starch hydrolysis  
KOH solubility + +
Levan production  
H2S production test + +
Arginine dihydrolase + +
Potato soft rot  
Growth at 40 C  
Oxidation/fermentation + +
Tobacco hypersensitive reaction + +2.5. Statistical analysis
All obtained data were subjected to analysis of variance proce-
dures and treatment means were compared using LSD, Dun-
can, and Standard Deviation (SD) as described by Gomez
and Gomez (1984). Percentages data were transformed to arc-
sines before subject to statistical analysis.
3. Results and discussion
3.1. Isolation of the pathogen from infected plants and
pathogenicity tests
Tomato plants with bacterial leaf spot symptoms, consisting of
irregular yellow-necrotic areas on tomato leaves and spotting
of the stem appeared from April to May in spring crops. Fruits
did not show any symptoms. Disease severity varied with the
different isolates. Signiﬁcant variation existed among isolates
(Fig. 2). Isolates T2, T4 and T5 were the most pathogenic iso-
lates as indicated by disease severity index. The highest severity
index (57.8) was provided by isolate T5, followed by the other
two isolates T4 (55.3) and T2 (43.1) after two weeks post inoc-
ulation, while T1 and T3 isolates reacted as the weakest path-
ogenic ones. One of ﬁve bacterial isolates (T5) was selected for
further investigations. Re-isolation from the artiﬁcially inocu-
lated plants revealed isolates similar to the original ones. In
this study, ﬁve isolates of X. campestris pv. vesicatoria, origi-
nally isolated from diseased tomato plants grown in plasticics of bacterial strains.
3 4 5
ods Rods Rods Rods
  
+ + +
  
  
  
  
+ + +
  
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+ + +
  
  
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Table 2 The inhibitory effect of different concentrations of
Salicylic acid (SA) on Xanthomonas campestris vesicatoria
growth.
Conc. of SA (ppm) Inhibition zone (mm)
0.5 22.00 ± 0.6
1 33.00 ± 0.8
1.5 40.00 ± 0.8
Control (dist. water) 00.00
Table 3 Effect of different concentrations of Salicylic acid (SA) applied through seedling root soaking or foliar treatments on severity
of bacterial leaf spot of tomato under artiﬁcial inoculation conditions.
Conc. of SA (ppm) No. lesions/leaf Disease severity
Seedling treatment Foliar treatment Seedling treatment Foliar treatment
0.5 4.1 3.8 20.1 19.2
1 2.8 2.6 18.6 17.4
1.5 2.0 1.8 15.8 14.1
Control (dist. water) 6.4 6.2 27.2 27.0
LSD at 5% 0.6 0.8 1.4 1.2
50 Mohammed A. AL-Salehgreenhouses in Al-Karj region, Saudi Arabia, induced disease
symptoms with varying degrees of severity differing with the
isolate ﬁve of X. campestris pv. vesicatoria, which was found
to be the most virulent isolate. Bacterial leaf spot of tomato
may spread in several locations in Saudi Arabia due to the cul-
tivation of different hybrids and cultivars of tomato seeds from
many foreign countries. Where, these bacteria are known to be
seedborne and can cause epidemic disease in tomato. In fact,
warm temperature and high relative humidity (RH), which fa-
vored the disease, were observed when tomato plants were
grown under plastic houses.
3.2. Physiological, morphological and biochemical
characteristics of bacterial strains
Based on morphological and physiological characteristics
shown in Table 1, all isolates were identiﬁed as X. campestris
pv. vesicatoria (Bradbury, 1984; Lelliott and Stead, 1987; Vau-
terin et al., 1995). The ﬁve isolates used in this study were
gram-negative, rod shaped and motile. All were oxidase posi-
tive and levan negative, arginine-dihydrolase positive and did
not macerate potato discs. All the examined isolates induced
a hypersensitive response (HR) on tobacco leaves. Additional
tests showed that the isolates were non-ﬂuorescent and grew at
37 C and 4 C but not at 40 C. They did not liquefy gelatine
and starch but produced H2S. Necrosis was observed in tobac-
co plants, within 24 h of inﬁltration with bacterial cells,
whereas sterile distilled water inﬁltered leaf region, which
served as a control, did not show any change in the leaf color.
All SA concentrations tested had inhibitory effects against
X. campestris pv. vesicatoria (Table 2). The inhibition zone in-
creased with increasing concentrations. SA at 1.5 ppm caused
the largest inhibition zone (40 mm) followed by 1 ppm
(33 mm). Palva et al. (1994) suggested that three possible ways
for salicylic acid capability to inhibit some pathogenic bacte-
ria. One of them is that SA could directly affect bacteria as a
chelating agent. Results in Table 3 show that application of
SA reduced severity of bacterial leaf spot of tomato. Applica-
tion as foliar treatment was more effective than seedling treat-
ment. SA was most effective at 1.5 ppm as foliar treatment
where the number of lesions/leaf and disease severity were
1.8 and 14.1, respectively. Increasing doses of SA led to
increasing their effectiveness on the disease. The results re-
ported in this study indicated that there was a correlation be-
tween in vitro and in vivo disease suppression. Successful
disease management and control practices greatly depend on
an understanding of the ecology of the pathogenic organism
in the environment (Pradhanang et al., 2000). Salicylic acid,
which reacted as antioxidant, have also been reported as anti-fungal (Elad, 1992; Thompson et al., 1993; Cohen, 1994; Galal
et al.,1997; Moustafa, 1999) and antibacterial substance (Galal
et al., 2002). Antioxidant compounds have been used to con-
trol several plant diseases such as Pseudomonas syringae pv.
lachrymanus on cucumber plants (Rasmussen et al., 1991),
Erwinia carotovora on tobacco plants (Palva et al., 1994), E.
carotovora subsp. carotovora and Ralstonia solanacearum on
potato (El-Sayed-Wafaa, 1996; El-Sayed-Wafaa et al., 1996)
and Streptomyces scabies the causal agent of common scab
on potato (Galal et al., 2002). Salicylic acid, an inducer of sys-
temic acquired resistance (SAR), was used as an initial struc-
ture from which CGA 245704 (BTH) was developed and is
marketed in some countries under the trade name Bion
(Ryals et al., 1994). Bion applied as a spray treatment to
wheat at growth stages 25, 28 and 32 days and signiﬁcantly re-
duced severity of powdery mildew (Blumeria graminis f. sp. tri-
tici, syn. Erysiphe graminis f. sp. Tritici) and to a lesser extent
Septoria tritici in later growth stages (Buchenauer et al., 1998).
Moreover, Bion was tested against other plant pathogens
such as ﬁre blight of apple caused by Erwinia amylovora
(Paulin et al., 1998). The results reported herein indicated that
the application of SA decreased the severity of bacterial spot of
tomato compared with the untreated plants (control). Also,
application of SA as a foliar treatment was more efﬁcient than
seedlings soaking treatment in the disease severity.
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